The Ce 3 Pd 6 Sb 5 -type antimonides RE 3 Pd 6 Sb 5 (RE = Pr, Nd, Sm, Gd, Tb) were synthesized by arc-melting and subsequent annealing in sealed silica ampoules in a high-frequency furnace. The new compounds Sm 3 Pd 6 Sb 5 (a = 1337.0(5), b = 441.5(1), c = 988.6(3) pm) and Tb 3 Pd 6 Sb 5 (a = 1328.8(4), b = 439.9(2), c = 976.6(5) pm) were characterized by powder X-ray diffraction data. The RE 3 Pd 6 Sb 5 antimonides adopt an ordered defect structure that derives from the CaBe 2 Ge 2 type. Their crystal chemistry is compared to the structures of Ce 8 Rh 17 Sb 14 and Yb 5 Cu 11 Sn 8 on the basis of group-subgroup schemes. Temperature-dependent magnetic susceptibility data of the samples with RE = Pr, Nd and Gd show Curie-Weiss paramagnetism of the trivalent rare earths. Low-field susceptibility measurements reveal magnetic ordering at low temperatures.
Introduction
The ThCr 2 Si 2 (I4/mmm) [1] and CaBe 2 Ge 2 (P4/nmm) [2] type structures are ordered variants of the well known BaAl 4 type [3] . Of the more than 1000 representatives of this structural family, several examples show extended homogeneity ranges and, furthermore, diverse RT 2 X 2 compounds (R = alkali, alkaline earth, rare earth, or actinoid metal; T = transition metal; X = element of the 3 rd , 4 th , or 5 th main group) can feature significant defects, either RT 2−x X 2 or RT 2 X 2−y [4, 5] . Such defects may be only statistical and account for adjustment of the valence electron concentration, but in many cases well ordered superstructures with defined compositions are formed. Prominent examples are the structures of Eu 2 Au 2 -Sn 5 ≡EuAuSn 2.5 [6] , Ce 3 Pd 6 Sb 5 ≡CePd 2 Sb 1.66 [7] , Yb 3 Au 5.5 Ga 5.5 ≡YbAu 1.83 Ga 1.83 [8] , or Dy 3 Co 6 -Sn 5 ≡DyCo 2 Sn 1.66 [9] . A recent example is the antimonide Ce 8 Rh 17 Sb 14 [10] which shows an ordering of antimony vacancies.
In continuation of our systematic studies of BaAl 4 -related superstructures [6, 10, 11] we have extended the investigations on antimonides with the Ce 3 Pd 6 Sb 5 -type structure [7] . Besides the prototype itself, the structures of RE 3 Pd 6 Sb 5 with RE = Pr, Nd, Gd [12] [10] .
Experimental Section

Synthesis
Starting materials for the synthesis of the RE 3 Pd 6 Sb 5 (RE = Pr, Nd, Sm, Gd, Tb) samples were ingots of the rare earth elements (Johnson Matthey or smart elements), palladium powder (Degussa-Hüls) and antimony shots (Johnson Matthey), all with stated purities better than 99.9 %. In a first step, small pieces of the rare earth ingots were arcmelted [14] under argon (ca. 700 mbar) to buttons. The argon was purified before with molecular sieves, silica gel, and titanium sponge (900 K). The pre-melting procedure strongly reduces shattering during the subsequent, strongly exothermic reactions with palladium and antimony. The elements were then weighed in the atomic ratio 3 : 6 : 5 and arc-melted three times on each side to ensure homogeneity. The total weight loss after the melting procedure was less than 0.5 %. Subsequently the arc-melted buttons were sealed in evacuated silica tubes and annealed for 30 to 40 min in an in- 
X-Ray diffraction
The polycrystalline RE 3 Pd 6 Sb 5 samples were characterized by Guinier powder patterns (CuK α1 radiation, α-quartz: a = 491.30, c = 540.46 pm as internal standard). The Guinier camera was equipped with an imaging plate unit (Fuji film, BAS-READER 1800). The orthorhombic lattice parameters (Table 1) were obtained from least-squares fits. Proper indexing was ensured by intensity calculations [16] .
Physical property measurements
The magnetic measurements were carried out on a Quantum Design Physical Property Measurement System (PPMS) using the VSM option. For VSM measurements, the samples (7.353 mg for Pr 3 Pd 6 Sb 5 , 14.366 mg for Nd 3 Pd 6 Sb 5 , 12.735 mg for Gd 3 Pd 6 Sb 5 ) were packed in kapton foil and attached to the sample holder rod for measuring the magnetic properties in the temperature range 2.5 -305 K with magnetic flux densities up to 80 kOe. Fig. 3 . Group-subgroup scheme in the Bärnighausen formalism [19 -22] for the structures of EuPd 2 Sb 2 [17] and Ce 3 Pd 6 Sb 5 [7] . The indices for the isomorphic (i) symmetry reductions, the unit cell transformations, and the evolution of the atomic parameters are given.
Discussion
Crystal chemistry
The RE 3 Pd 6 Sb 5 antimonides exist with Ce, Pr, Nd, Sm, Gd, and Tb as the rare earth element. Sm 3 Pd 6 Sb 5 and Tb 3 Pd 6 Sb 5 are new compounds. The cell volumes (Table 1) decrease from the cerium to the terbium compound ( Fig. 1) as expected from the lanthanide contraction. Ce 3 Pd 6 Sb 5 smoothly fits into that curve, indicating trivalent cerium, in agreement with the magnetic data [7] .
The subcell structure of Ce 3 Pd 6 Sb 5 resembles that of CaBe 2 Ge 2 -type EuPd 2 Sb 2 [17] . In both structures (Fig. 2) [17] . These Pd-Sb distances are close to the sum of the covalent radii [18] of 269 pm, indicating substantial Pd-Sb bonding in both antimonides. In EuPd 2 Sb 2 we observe layers of edgesharing PdSb 4/4 tetrahedra at z = 0 and the inverse arrangement, i. e. layers of edge-sharing SbPd 4/4 tetrahedra, at z = 1/2 (Fig. 2) . The first type of layer is also observed in the structure of Ce 3 Pd 6 Sb 5 . In contrast, the second layer in Ce 3 Pd 6 Sb 5 shows defects and strong distortions. This kind of atomic arrangement reminds of the recently determined structure of Ce 8 Rh 17 Sb 14 [10] . Although this structure looks quite complex at first sight (Fig. 2) , the distortions and defect formations strictly follow a group-subgroup scheme, leading to a concise and compact description of the structure. Another structurally closely related compound is the stannide Yb 5 Cu 11 Sn 8 [13] . In the following chapter we work out the group-subgroup schemes Fig. 4 . Group-subgroup scheme in the Bärnighausen formalism [19 -22] for the structures of EuPd 2 Sb 2 [17] and Yb 5 Cu 11 Sn 8 [13] . The indices for the isomorphic (i) symmetry reductions, the unit cell transformations, and the evolution of the atomic parameters are given. The refined atomic parameters of Yb 5 Cu 11 Sn 8 are given in the bac setting as compared to the published data.
for Ce 3 (Figs. 3 and 4) . Both Bärnighausen trees readily reveal the formation of one ordered defect in each of the structure types.
In order to understand the ordering of the palladium (copper) and antimony (tin) atoms and the defects within the strongly distorted layers we have first calculated the ideal positions, starting from the setting of EuPd 2 Sb 2 [17] . For both superstructure variants the coloring within the defect layers is different as compared to the stoichiometric layers. In the latter one observes an almost regular arrangement of edge-sharing PdSb 4/4 and CuSn 4/4 tetrahedra (Fig. 2) . Around the defects (Figs. 5 and 6 ) there is an accumulation of palladium, respectively copper atoms. In going from the ideal, calculated model to the refined structure, the coordination around the ordered defects drastically changes with a strong shift of the antimony (in Ce 3 Pd 6 Sb 5 ) and copper (in Yb 5 Cu 11 Sn 8 ) atoms towards the defect position. These structural distortions lead to a significant decrease of the metal-metal distances in both layers. The Cu-Cu (245 -260 pm) and Pd-Pd (276 pm) distances are close to those in fcc copper (256 pm) and fcc palladium (275 pm) [23] , and one can conclude that metal-metal bonding might be the driving force for superstructure formation. The strong distortions have drastic effects on the course of the lat- From a group-theoretical point of view also an ordered superstructure with an isomorphic transition of index seven (i7) is imaginable. However, it is questionable if such a long translation period is realized 
Magnetic properties of RE 3 Pd 6 Sb 5 (RE = Pr, Nd, Gd)
The temperature-dependent susceptibility and inverse susceptibility (χ(T) and χ −1 (T) data) measured at an externally applied field of 10 kOe of a) Pr 3 Pd 6 Sb 5 , b) Nd 3 Pd 6 Sb 5 and c) Gd 3 Pd 6 Sb 5 are depicted in Fig. 7 . In all three cases it was possible to fit the susceptibility data in the temperature range from 20 to 300 K with the Curie-Weiss law. We were able to determine the effective magnetic moments as well as the Weiss constants of the studied compounds from these fits. The magnetic properties are listed in Table 2 . The effective magnetic moments are in agreement with the theoretical values according to g J (J(J + 1)) 1/2 . In addition, the negative values of the Weiss constants are indicative of antiferromagnetic interactions in the paramagnetic regions.
In addition to the standard zero-field-cooled measurements at 10 kOe, supplementary measurements were performed in zero-field-cooled/field-cooled mode at an externally applied field of 100 Oe. The resulting temperature-dependent susceptibilities are depicted in Fig. 8 . Noticeably the ZFC and FC data diverge from one another for all three compounds. The respective temperatures for the divergence can be deduced from Figs. 8a -c, i. (Fig. 8b) , and 4.9 K for Gd 3 Pd 6 Sb 5 (Fig. 8c) . These divergencies are indicative of spin glass anomalies in the three antimonides. Also based on the magnetization isotherms (vide infra), no clear antiferromagnetic or ferromagnetic ground state 
